study, respondents classified as former or current smokers and 18 years or older at the first cycle were eligible. This resulted in a sample of 8,687 adults for analysis.
There was increasing subject attrition with time, although some respondents who failed to be interviewed at a cycle may have been successfully followed up at a subsequent cycle. Table 1 shows the percentage of included respondents who provided complete data, ranging from 100% in cycle 1 to 55% in cycle 8. Of the eligible sample, 73.8% (6,410 subjects) provided at least five cycles of complete data.
Measurement
The dependent variable, smoking status, is a time-varying dichotomous variable that classifies the individual as either 1, current smoker or 0, former smoker. After meeting inclusion criteria at baseline, any respondent claiming to have never smoked at a subsequent cycle was classified as a former smoker at that cycle.
Change in income was measured by two variables: a) change in total household income and b) change in poverty status. The first variable was calculated as the difference in total household income between adjacent cycles (subsequent minus previous). If individuals missed one or more cycles, the difference between known income values was divided by the difference in cycle number to ensure a consistent calculation in the gradient of change of income. Income was taken as the midpoint of the category of an ordinal variable on total household income before tax.
Change in poverty status was calculated in the same manner, but without averaging across the number of cycles. This variable was measured as three dummy-coded binary variables assigned the value of '1' to indicate: a) remains out of poverty, b) goes into poverty and c) comes out of poverty, with remains in poverty serving as the reference category and assigned the value of '0'. A person was classified as living in poverty if their total household income was below $15,000 for a household size of 1 or 2, below $20,000 for a household size of 3 or 4, or below $30,000 for a household size of 5 or more.
Age was measured in years at cycle 1. Education was measured as three dummy-coded binary variables to represent: a) less than secondary education, b) secondary school graduate and c) some postsecondary, with college or university graduate serving as the reference category. Employment status was measured as two dummy-coded binary variables to indicate: a) not in the labour force or b) unemployed, with employed serving as the reference category. Baseline total household income was measured as an ordinal variable with 11 categories ranging from "no income" to "$80,000 or more". For the analysis, the 11 categories were recoded to their midpoint values and treated as a continuous variable. The number of members of a household was treated as a continuous variable.
The number of cigarettes smoked per day was used as a proxy measure of nicotine dependence and was derived from data collected at the first cycle. It was measured as four dummy-coded binary variables to represent: a) 1 to 10 cigarettes per day, b) 11 to 20, c) 21 to 30, and d) 31 plus, with zero cigarettes per day as the reference category. Occasional smokers were assigned to the category of zero cigarettes per day. Former daily smokers were assigned to a category based on how many cigarettes per day they smoked when smoking daily.
Smoking status at baseline and whether smoking occurs in the home are binary variables coded as 0, no and 1, yes.
Analysis
SPSS (version 19) was used to perform descriptive statistics and bivariate analysis to compare subjects who provided at least five cycles of complete data to those who provided four cycles or less.
Repeated measures from the same individual in longitudinal data are not independent. Multilevel modeling accounts for this within-subject correlation and allows inclusion of variables at different levels.
Separate models were developed for the two independent variables. Both models included age, gender, education, employment, baseline smoking status, cigarettes smoked per day, smoking in the house, and variables representing time and time 2 . The first model also included baseline total household income and household size. Baseline measures for age, gender, baseline total household income, baseline smoking status and cigarettes smoked per day were used. All other covariates were included in the model as time-varying variables.
Results were considered significant if the 95% confidence interval around the odds ratio did not cross one. Person-level weights based on the complex sampling design were applied during all analyses.
A number of variables (age, change in total household income, baseline household income, household size) did not meet the assumption of normality. The multilevel models were repeated with transformed variables and/or with outliers removed to determine the robustness of the estimates. Age and baseline household income underwent square root transformations. Extreme outliers were removed from change in total household income and household size.
MLwiN (version 2.02) was used for the analysis. Second order penalized quasilikelihood (PQL) estimation procedures were attempted but the model would not converge, therefore 1 st order marginal quasilikelihood (MQL) was used.
A dichotomous variable was derived based on whether the respondent had complete data for at least 5 cycles or not. This variable and its interaction with the independent variables were added to each model. The statistical significance of the interaction variables determined whether the results varied by the number of cycles of data that a subject contributed to the analysis.
RESULTS
The descriptive statistics of the sample in 1994 are shown in Table  2 . The sample had an average age of 44 years, was predominantly employed, and was fairly evenly distributed with respect to baseline smoking status. Table 2 also shows the bivariate analysis comparing those with at least five cycles of complete data to those with four or less cycles of data. Those contributing less data to the analysis were significantly more likely to be older, male, of a lower education level and household income, and less likely to be employed. They were also more likely to smoke at baseline, to smoke more cigarettes per day and to live in a house where smoking occurs inside. The independent variables over the 8 cycles are described in Tables 3 and 4 . The change in total household income showed an average decrease from cycle 1 to 2 but an increase in subsequent cycles. With respect to changes in poverty status, the largest proportion was classified as "remained out of poverty".
The results of the fully adjusted multilevel logistic modeling are presented in Table 5 . Overall, older individuals and those living in larger households were less likely to smoke at subsequent cycles. There was no significant association between subsequent smoking status and education, gender, and baseline income. Those classified as not in the labour force were less likely to be a current smoker than those who are employed, but there was no significant difference in subsequent smoking behaviour between the employed and unemployed. Smokers at baseline, those smoking a greater number of cigarettes per day, and those living in houses where smoking occurred inside were significantly more likely to be current smokers. The significant odds ratios for the cycle and cycle 2 indicate that with time, a person was less likely to smoke, but the gradient of this slope decreased over time.
Model 1 in Table 5 shows that there was no significant relationship between a change in total household income and subsequent smoking status. Model 2, however, shows that a change in poverty status is associated with subsequent smoking behaviour. Compared to those who remain in poverty, those who came out of poverty were less likely to be classified as a current smoker (OR=0.72, 95% CI: 0.62-0.84). Also, compared to those who remained in poverty, those whose income remained above the poverty threshold were less likely to be a current smoker (OR=0.66, 95% CI: 0.57-0.75). However, there was no significant difference in the likelihood of being a current smoker for those who remained in poverty and those whose income decreased to move into poverty (OR=0.92, 95% CI: 0.78-1.08). Models that used transformed variables with outliers removed did not show important differences in the direction or significance of the results. The interaction terms between the independent variables and the variable detailing whether the subject contributed at least 5 cycles of data were not found to be statistically significant.
DISCUSSION
This analysis of longitudinal, nationally representative data indicates that an increase in household income to above the poverty threshold increased the chance of quitting smoking by 28% compared to remaining in poverty; there was no association with change in total household income. A change in income at lower-income levels is a determinant of smoking cessation rather than baseline income.
Previous literature suggests potential explanations for the link between smoking cessation behaviours and poverty. Individuals of a lower income and education are less knowledgeable of the hazards of smoking, the benefits of smoking cessation aids and smoking cessation programs. 17, 18 Cost is a potential barrier to accessing smoking cessation medications and lower-income groups utilize smoking cessation aids less frequently than higher-income groups. 19, 20 For the economically disadvantaged, there is more financial stress and less respite from life's demands. Their preoccupation with meeting the needs of daily living discourages taking on the additional demands of quitting smoking. 1, 17 Smoking rates of disadvantaged populations have been less responsive to conventional public health smoking cessation programs and policies, which adds to the health disparities observed across the socio-economic gradient. 1, 3, 4 It is estimated that smoking accounts for more than half of the difference in male mortality between the lowest and highest social strata, with nearly half of the mortality in the lowest group related to smoking. 21 This study supports the plethora of evidence on the association between poverty and low quit rates. 1, 3, 4 Smoking cessation interventions must consider and be accessible to low-income smokers. More importantly, the results support stronger consideration of the potential for poverty reduction strategies to improve smoking cessation rates. Such strategies may be a double threat on smoking rates as smoking initiation is higher among low-income groups. 22, 23 The potential health benefits of successfully escaping poverty encourage purposeful public health action and strategies to reduce low-income rates.
A longitudinal study has its limitations; a controlled trial or quasi-experimental research would be the next step to examining the impacts of poverty reduction on smoking behaviour. This would be costly, with ethical barriers to having a control group. For 192 REVUE CANADIENNE DE SANTÉ PUBLIQUE • VOL. 103, NO. 3 CHANGING INCOME AND SMOKING CESSATION Table 5 .
Odds a topic area that does not lend itself to experimentation, the results of a large cohort study would be difficult to ignore.
Although not the focus of the study, the models indicated that with increasing age, there was a decreased likelihood of being a smoker, but there were no links with gender, education, or whether employed or unemployed. These results are generally consistent with previous longitudinal research. [7] [8] [9] [10] [11] [12] [13] Similar to more recent longitudinal studies, there was no association with baseline income. [8] [9] [10] [11] [12] [13] Compared to the employed, subjects classified as "not in the labour force" were more likely to have stopped smoking. This category encompasses a variety of situations, including pregnancy and illness, which might explain this result.
Those who smoked fewer cigarettes per day or for whom smoking did not occur in the house were more likely to quit, which is in keeping with existing literature. [5] [6] [7] [8] [9] The models also demonstrate that over time, subjects are more likely to stop smoking, but this gradually weakens over the 8 cycles. This is consistent with epidemiological data on national smoking rates. 24 The strengths of this study include: the use of longitudinal data which can establish temporality; the use of multilevel modeling to account for correlations among repeated measures; and modeling income as a dynamic rather than a static phenomenon.
The study has a number of limitations. There was subject attrition over time, and those contributing less information to the analysis were more likely to be older, male, from a lower socioeconomic group, a smoker at baseline, to smoke more cigarettes per day and to allow smoking in their house. Although this selective loss may have impacted the association between poverty status and smoking, the statistical models did control for the characteristics associated with sample loss and there was no evidence that the relationship between poverty status and smoking differed by the amount of data that a respondent contributed to the analysis.
There are other limitations. The study measures income with an ordinal variable, utilizing the midpoint of the categories. A standard definition of poverty or low income was not used. The model does not include a measure of peer smoking or neighbourhood smoking prevalence. Limitations in the data collected did not allow a more comprehensive measure of nicotine dependence. The first order MQL estimation procedure may produce estimates that are suppressed or biased downwards, and the study cannot establish causality, as there may be unknown confounders.
CONCLUSION
In summary, this longitudinal study demonstrates that the probability of quitting smoking is affected by a change in income that shifts an individual across the poverty line. The results support the need for stronger consideration of an upstream approach to smoking cessation policy, and suggest that tackling poverty as a social determinant of health may reduce smoking among the economically disadvantaged.
actuel au sein d'un échantillon de Canadiens et de Canadiennes désignés comme ayant déjà fumé. Nos covariables étaient le profil sociodémographique, le nombre de cigarettes fumées par jour et le tabagisme à la maison.
Résultats : L'usage du tabac n'était pas associé à un changement du revenu du ménage, sauf lorsque ce changement faisait franchir le seuil de la pauvreté à une personne. Les Canadiens et les Canadiennes dont le revenu avait suffisamment augmenté pour les hisser au-dessus du seuil de pauvreté étaient moins susceptibles de continuer à fumer que les personnes restées pauvres (RC=0,72, IC de 95 % : 0,62-0,84). Les personnes restées au-dessus du seuil de pauvreté étaient, elles aussi, moins susceptibles de continuer à fumer que celles restées pauvres (RC=0,66, IC de 95 % : 0,57-0,75). Il n'y avait pas d'écart significatif entre les personnes restées pauvres et celles dont le revenu était passé sous le seuil de pauvreté.
Conclusion :
Notre étude renforce la preuve de l'existence d'un lien entre le tabagisme et la pauvreté et appuie les stratégies qui abordent le revenu en tant que déterminant socioéconomique de la santé. Les politiques qui font passer le revenu des ménages au-dessus du seuil de pauvreté pourraient améliorer les taux d'arrêt du tabac.
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